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Background: Nuclear factor kappa B (NFkB) transcription factors play a central role in 

controlling the expression of genes involved in inflammatory reactions, proliferation, and sur-

vival of human cells. However, the in situ evaluation of NFkB activity in leprosy has not been 

completed previously. The aim of this study was to determine whether NFkB activity correlates 

with susceptibility or resistance to Mycobacterium leprae infection in biopsies from skin lesions 

of 38 patients with the clinical and laboratory diagnosis of leprosy.

Methods: The NFkB activation profile was evaluated in biopsies from skin lesions of 38 patients 

with the clinical and laboratory diagnosis of leprosy. NFkB activation was evaluated and quan-

tified by Southwestern histochemistry, and its activation index (range, 0–4) was calculated 

according to the percentage of nuclear positivity by the histochemistry. Activation index .1 

was considered representative of activation of NFkB.

Results: Fifteen patients (39.5%) demonstrated activated NFkB. Multibacillary leprosy was 

associated with activated NFkB (54.5%, P=0.028). Borderline leprosy was most strongly 

associated with NFkB activation (80%), with an odds ratio of 32.7 (P=0.016). These clinical 

forms are characterized by increased susceptibility to M. leprae and by immunological instability. 

Activation of NFkB was absent in the granulomas in tuberculoid leprosy, which represents an 

effective inflammatory reaction pattern against M. leprae.

Conclusion: These results indicate that NFkB activation could favor susceptibility and 

immunological instability to M. leprae infection, potentially by the stimulation of phagocytosis 

and the regulation of apoptotic mechanisms of infected cells, leading to the proliferation of this 

intracellular bacillus. Further studies are needed to evaluate if inhibition of NFkB  activation in mul-

tibacillary leprosy could favor resistance and an effective granulomatous immune response.

Keywords: transcription factors, nuclear factor kappa B, immunomodulation, Mycobacterium 

leprae, leprosy resistance, leprosy susceptibility

Introduction
Leprosy is a chronic mycobacteriosis caused by Mycobacterium leprae that may 

produce a limited or disseminated infection in skin and peripheral nerves, leading to 

a spectrum of clinical manifestations based upon the level of cell mediated immunity 

(CMI) against the bacilli. At one end of the spectrum is tuberculoid leprosy (TT), char-

acterized by restricted growth of the pathogen, and high CMI. At the opposite end of 

the spectrum is lepromatous leprosy (LL), characterized by widespread dissemination 

of bacilli, strikingly absent CMI, and a predominant humoral immune response against 

M. leprae. Between these two polar forms, there is the borderline group, which can be 

divided into three subgroups according to the CMI response: borderline tuberculoid 

(BT), borderline (BB), and borderline lepromatous (BL).1,2
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The immunological aspects of leprosy have been 

extensively investigated, but the factors that facilitate or 

impair CMI in the polar manifestations of the disease are 

still not completely understood. It is known that the family of 

transcription factors named nuclear factor kappa B (NFkB) 

control the global inflammatory response by playing a central 

role in modulation of inflammatory reactivity. In resting 

cells, NFkB subunits are inactivated in the cytosol.3 Upon 

cytokine signaling, tumor necrosis factor alpha (TNFα), 

or environmental stress, NFkB activation is triggered to 

modulate inflammatory reactivity.4 NFkB also acts as an 

important survival factor for human cells, by preventing 

apoptosis induced by TNFα.5 This anti-apoptotic effect 

is mediated through the transcriptional up-regulation of 

NFkB-dependent anti-apoptotic proteins, such as TNFα 

receptor-associated factor 1 and factor 2 (TRAF-1 and 

TRAF-2) and the cellular inhibitor of apoptosis protein 1.5,6 

Although M. leprae may induce  apoptosis of Schwann cells 

via Toll-like receptor 2,7 the contact of viable M. leprae in 

Schwann cells has also been shown to cause survival of these 

cells, instead of apoptosis,8 which could be associated with 

NFkB-dependent anti-apoptotic mechanisms.

Peripheral blood mononuclear cells (PBMC) from 

multibacillary leprosy (MB) patients and healthy blood 

donors exposed to inactivated M. leprae induced nuclear 

translocation of NFkB (p65/p50 and p50/p50 dimers) in 

both groups. Such activation was considered essential to 

the production of TNFα by in vitro culture of PBMC from 

both patients and healthy controls.9 In vitro cultures of 

adherent PBMC from healthy donors showed lower levels 

of activation of NFkB (p65) when exposed to M. leprae 

than when exposed to bacillus Calmette-Guérin, indi-

cating a possible NFkB signaling deficit in response to 

M. leprae.10

In situ studies of NFkB activation could elucidate its role 

in the pathophysiology of the cutaneous manifestations of 

leprosy. It could be hypothesized that the cutaneous mani-

festations at the opposite ends of the spectrum of leprosy 

could be related to the activity of NFkB. For example, during 

the development of TT lesions, NFkB signaling induced by 

TNFα could be one of the factors that favor the effectiveness 

of the inflammatory reaction and complete bacilli destruc-

tion by CMI. On the other hand, during the development 

of LL lesions, the anti-apoptotic activity of NFkB could 

allow intracellular parasitic activity and multiplication of 

the bacilli. The aim of this study was to determine whether 

NFkB activity correlates with susceptibility or resistance 

to M. leprae infection in biopsies from skin lesions of 

38 patients with the clinical and laboratory diagnosis of 

leprosy.

Material and methods
This study used previously archived formalin-fixed and 

paraffin-embedded skin biopsy specimens, and data from the 

medical records of leprosy patients followed in the  Leprosy 

Outpatient Clinic of the National Reference Centre for Sani-

tary Dermatology with Emphasis on Leprosy of the Hospital 

of Clinics at the Ribeirão Preto School of Medicine at the 

University of São Paulo. During routine follow-up at the 

outpatient clinic, all patients are classified according to the 

Ridley–Jopling spectrum (TT, BT, BB, BL, and LL) and by 

the World Health Organization (WHO) operational classifi-

cation (MB, more than five skin lesions; and paucibacillary 

leprosy (PB), up to five skin lesions).

The ethics committee at the Hospital of Clinics, Ribeirão 

Preto Medical School, University of São Paulo, approved 

this study under consent number 2763/2011. Patients were 

not required to give written consent as data was analyzed 

anonymously; medical record information, all samples 

(including biopsies), and test results were previously gathered 

and were not obtained specifically for this study.

The patients included in the study had a clinical diagnosis 

of leprosy and had a skin biopsy performed at time of 

diagnosis, with adequate leprosy classification by Ridley–

Jopling spectrum (TT, BT, BB, BL, and LL).  Epidemiological 

and clinical data were obtained from the patients’ medical 

records, including classification by Ridley–Jopling criteria, 

WHO operational classification, comorbidities, and the use 

of alcohol, tobacco, and medications. The selection criteria 

were based on all patients whose first biopsy by the Leprosy 

Outpatient Clinic was performed between 2006 and 2010.

Patients were excluded from the study if medical records 

indicated: the use of non-steroidal anti-inflammatory drugs 

or corticosteroids 14 days before the date of the biopsy; 

leprosy reactions in the disease course; inflammatory 

 diseases; drug eruptions in the past 3 months; higher doses 

than the standard multidrug therapy for treatment of leprosy 

or previous  complete treatment; severe comorbidity or life 

threatening event in the past 6 months; pregnant or breast-

feeding patients; and chronic disease that might interfere 

with inflammatory mechanisms such as diabetes mellitus, 

lymphedema, chronic renal disease, chronic heart failure, 

smoking, alcoholism, and malnutrition. A total of 24 initially 

selected patients were excluded from the study based on one 

or more of these exclusion criteria, (nine BB, six BL, five LL, 

two BT, and two TT). Clinical forms outside the typical 
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leprosy spectrum such as indeterminate leprosy and pure 

neural leprosy were also not included in this study.

Skin biopsies were performed with a disposable skin 

biopsy punch (diameter 4 mm) after local anesthesia 

(2% lidocaine plus epinephrine tartrate 1:200,000 IU). All 

specimens were formalin-fixed and paraffin-embedded. 

 Histopathological examination with standard hematoxylin-

eosin staining, and the Fite–Faraco staining technique was 

used for the detection of M. leprae bacilli.

Biopsies underwent Southwestern histochemistry for in 

situ detection and distribution of the DNA-binding activity 

of NFkB. The non-radioactive in situ detection of activated 

NFkB in paraffin-embedded skin tissue preparations was 

performed as previously described,11 using digoxigenin 

labeling and detection kits (Roche Applied Science, India-

napolis, IN, USA). Synthetic sense DNAs (Imprint Genet-

ics Corporation, Hialeah, FL, USA), which contained 

NFkB sequences, were used as the probe. After anneal-

ing with the complementary sequence, the DNA probe 

5′-AGTTGAGGGGACTTTCCCAGGC-3′ was labeled 

with digoxigenin. The sections were then incubated with 

the labeled probes for 12 hours at 37°C. They were then 

incubated with an anti-digoxigenin antibody conjugated 

with alkaline phosphatase and detected using a nitro-blue 

tetrazolium and 5-bromo-4-chloro-3-indolylphosphate 

solution. 5 ′-AGTTGAGGCTCCTTTCCCAGGC-3 ′ 
(mutant form of the probe) was used as a negative con-

trol. Only cells exhibiting homogenous distinct purple 

nuclear staining were considered positive. The number 

of NFkB-positive cell nuclei was estimated in percent-

age in ten randomly chosen high-power fields (400×) in 

each sample, from which mean values were calculated. 

NFkB activation index (range, 0–4) was set to quantify 

the final percentage of positivity, ie, “0” when 0% of 

nuclei were positive, “1” when 1%–10% of nuclei were 

positive, “2” when 11%–25% of nuclei were positive, “3” 

when 26%–50% of nuclei were positive, and “4” when 

.50% of nuclei were positive, as shown in Figure 1. 

The criteria for activated NFkB was the presence of an 

activation index .1 (ie, activation indices of 2, 3, and 4). 

Hematoxylin-eosin staining is not performed with this 

technique; therefore, violet staining indicates only nuclei 

with activated NFkB. The pathologist who scored NFkB 

indexes was blinded regarding the previous classification 

of leprosy of the subjects.

Among the 38 selected patients, the mean age was 

47.4±21.2 years, and 22 (57.9%) were male. Twenty-two 

patients (57.9%) were classified as MB: five had BB (13.1%), 

E

D

C

B

A

Figure 1 Representative photomicrographs of skin biopsies submitted 
for Southwestern histochemistry for detection of activated NFkB (original 
magnification 200×).
Notes: Arrows demonstrate purple nuclear staining. Detection was quantified 
by an NFkB activation index, which values ranged from zero to four. (A) NFkB 
activation index of 0: no nuclear staining (negative control); (B) NFkB activation 
index of 1: up to 10% nuclear staining in sparse lymphocytes from a tuberculoid 
lesion; (C) NFkB activation index of 2: 11%–25% nuclear staining in cells from a 
superficial lymphohistiocytic infiltrate and fibroblasts (arrows) from a borderline 
tuberculoid lesion; (D) NFkB activation index of 3: 26%–50% nuclear staining in cells 
from a perivascular and perineural inflammatory infiltrate, involving the superficial 
and mid dermis. There was staining of histiocytes, lymphocytes, fibroblasts, and 
vascular endothelium (arrow tip) from a lepromatous lesion; (E) NFkB activation 
index of 4: .50% nuclear staining in cells from a dense perineural and perivascular 
inflammatory infiltrate. There was staining of fibroblasts, histiocytes, and lymphocytes 
from a borderline lesion.
Abbreviation: NFkB, nuclear factor kappa B.
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eight had BL (21.1%), and nine had LL (23.7%). Sixteen 

patients (42.1%) were classified as PB: seven had TT (18.4%), 

and nine had BT (23.7%).

Fisher’s exact test was used to evaluate the significance of 

the association between categorical variables. Logistic regres-

sion was used to determine the strength of association (odds 

ratio [OR]) between NFkB activation and the clinical classi-

fication of leprosy, adjusted for age and sex. P-values ,0.05 

were considered statistically significant. Statistical analysis 

was performed using software STATA™ 12 (StataCorp LP 

College Station, TX, USA).

Results
The median NFkB activation index was 1 (range, 0–4). 

NFkB was activated (activation index .1) in 15 skin 

lesions (39.5%), with an activation index of 4, 3 and 2 in 

one, five, and nine patients, respectively. In the remaining 

23 lesions (60.5%) NFkB was not activated, with an activa-

tion index of 1 and 0 in 22 and seven patients, respectively. 

The presence of NFkB activation in the skin lesions varied 

strikingly according to the clinical form of leprosy. TT 

lesions had 0% with NFkB activation, BT had 33% with 

NFkB activation, BB had 80% with NFkB activation, BL 

had 50% with NFkB activation, and LL had 44% with 

NFkB activation.

NFkB activation indices were higher in MB patients 

(median =2; range, 0–4), than in PB patients (median =1; 

range, 0–2), with a higher frequency of activated NFkB in 

MB patients (54.5%) than in PB patients (18.8%; P=0.028), 

as shown in Table 1. All three PB patients with activated 

NFkB had the clinical form of BT. TT was associated with 

absence of activation of NFkB (P=0.019), with an activation 

index of 1 in six patients and 0 in one patient. BB leprosy had 

the highest frequency of activated NFkB (80%), with an OR 

of 32.7 (P=0.016; Table 2), and an activation index of 4 in one 

patient (the highest activation index of this study), 3 in one 

patient, 2 in two patients, and 1 in one patient (Table 3).

Discussion
Based on the data of this study, patients with the most effec-

tive immune reactivity against M. leprae bacilli (TT) had 

the least activated NFkB, with 0% activated NFkB. BT had 

a low frequency of NFkB activation at 33.3%. These find-

ings may depict the low inflammatory profile in the chronic 

and stable granulomatous reaction, which is associated with 

previous destruction of bacilli and efficient deprivation of 

mycobacterial antigens. On the other hand, the clinical forms 

with immunological instability had a higher frequency of 

activated NFkB: BB (80%), and BL (50%). It is noteworthy 

that within MB, the forms that usually present with upgrading 

Table 1 Data from 38 leprosy patients evaluated for activation of NFkB

n (%) NFκB index 
median (range)

Activated  
NFκB n (%)

Fisher’s exact 
P-value

Age group
  ,18 years 4 (10.5) 1 (0–2) 1 (25.0) 0.480

  18–60 years 22 (57.9) 1 (0–3) 6 (27.3) 0.071

  .60 years 12 (31.6) 2 (0–4) 8 (66.7) 0.025*
Sex
 Male 22 (57.9) 1.5 (0–3) 11 (50) 0.11
 Female 16 (42.1) 1 (0–4) 4 (25)
Leprosy classification
 Tuberculoid 7 (18.4) 1 (0–1) 0 (0.0) 0.019*
  Borderline tuberculoid 9 (23.7) 1 (0–2) 3 (33.3) 0.490
 Borderline 5 (13.2) 2 (1–4) 4 (80.0) 0.069
  Borderline lepromatous 8 (21.1) 1.5 (1–3) 4 (50.0) 0.385
 Lepromatous 9 (23.7) 1 (0–3) 4 (44.4) 0.510
WHO classification
 Multibacillary 22 (57.9) 2 (0–4) 12 (54.5) 0.028*
 Paucibacillary 16 (42.1) 1 (0–2) 3 (18.8)
Biopsy acid-fast bacilli (Fite–Faraco stain)
 Present 29 (76.3) 1 (0–4) 13 (44.8) 0.208
 Absent 9 (23.7) 1 (0–2) 2 (22.2)
Total 38 (100.0) 1 (0–4) 15 (39.5)

Note: *P,0.05.
Abbreviations: n, number of patients; NFkB, nuclear factor kappa B; WHO, World Health Organization.
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or downgrading leprosy reactions (BB and BL) had more cells 

with NFkB activation than LL (44.4%). Likewise, within PB 

the form which is more unstable and prone to leprosy reac-

tions presented with increased NFkB activation BT (33.3%), 

whereas TT, which is the most stable form presented with 

null activation (0%).

MB demonstrated a higher frequency of activated 

NFkB than PB (P=0.028), suggesting the possible role 

of bacillary antigens in modulatory processes, which 

may be activated through Toll-like receptors, cytokine 

modulation, and/or intracellular mycobacterial products. 

NFkB activation also regulates neural physiology by 

modulating synaptic plasticity and by regulating the growth 

of dendrites,12 suggesting that MB patients may have a 

higher activity of reparatory or adaptive mechanisms to the 

damage caused by the inflammatory response to, or intracel-

lular activity of M. leprae bacilli.

TNFα may also trigger up-regulation of NFkB-

dependent anti-apoptotic proteins.5 Activated NFkB may 

inhibit apoptosis pathways and stimulate cell proliferation, 

allowing sufficient cell survival to host parasitic activity 

of these slowly duplicating mycobacteria. NFkB activa-

tion and its associated transcription modulation might be 

one of various bacillary adaptive mechanisms to allow 

chronic infection, which may in turn result in less effec-

tive host immunity. For example, if the inflammatory 

status mediated by NFkB in MB leprosy is not efficient 

enough to destroy M. leprae, this could even stimulate 

phagocytosis and consequent intracellular infection, 

similar to what has been reported with Trypanosoma 

cruzi,13 where microorganism invasion and survival is 

favored by NFkB activation induced by TNFα. Apoptosis 

has been shown to be more frequent in PB than in MB, 

suggesting a possible mechanism for containing bacillary 

multiplication.14,15

Although age .60 years was associated with NFkB acti-

vation (66.7%, P=0.025; Table 1), it was not an independent 

risk factor by logistic regression analysis (OR =1.2, P=0.905; 

Table 2). Seventy-five percent of these older patients pre-

sented with MB leprosy, and also the majority of LL patients 

(55.6%) were aged .60 years.

This study reviewed patients treated at a large leprosy 

referral center between the years 2006–2010 and followed 

strict exclusion criteria, so was therefore limited by a small 

sample size. However, we feel that these initial findings are 

significant, and important in gaining a better understanding 

of the varied immunologic responses in leprosy patients, and 

Table 2 Logistic regression analysis of activated NFkB according 
to leprosy classification, adjusted by age group and sex

Activated 
NFκB  
n (%)

Odds 
ratio

95% CI P-value

Age group

  ,18 years 1 (25.0) 1 – –

  18–60 years 6 (27.3) 0.12 0.01–3.06 0.205

  .60 years 8 (66.7) 1.20 0.06–25.34 0.905

Sex
 Male 11 (50) 4.53 0.64–32.03 0.129
 Female 4 (25) 1 – –
Leprosy classification
  Tuberculoid  

or borderline 
tuberculoid

3 (33.3) 1 – –

 Borderline 4 (80.0) 32.70 1.92–557.49 0.016*
  Borderline 

lepromatous
4 (50.0) 4.86 0.47–50.21 0.185

 Lepromatous 4 (44.4) 1.77 0.20–15.83 0.608

Note: *P,0.05.
Abbreviations: CI, confidence interval; NFkB, nuclear factor kappa B; n, number 
of patients.

Table 3 Distribution of NFkB activation indexes by leprosy classification and WHO classification

Leprosy classification  NFκB activation indexes

0  
n (%)

1  
n (%)

2  
n (%)

3  
n (%)

4  
n (%)

Activated  
NFκB (.1) 
n (%)

Tuberculoid (n=7) 1 (14) 6 (86) 0 (0) 0 (0) 0 (0) 0 (0)

Borderline tuberculoid (n=9) 4 (44) 2 (22) 3 (33) 0 (0) 0 (0) 3 (33)

Borderline (n=5) 0 (0) 1 (20) 2 (40) 1 (20) 1 (20) 4 (80)

Borderline lepromatous (n=8) 0 (0) 4 (50) 3 (38) 1 (13) 0 (0) 4 (50)

Lepromatous (n=9) 1 (11) 4 (44) 1 (11) 3 (33) 0 (0) 4 (44)
WHO classification
 Paucibacillary (n=16) 5 (31) 8 (50) 3 (19) 0 (0) 0 (0) 3 (19)

 Multibacillary (n=22) 1 (5) 9 (41) 6 (27) 5 (23) 1 (5) 12 (55)

Abbreviations: NFkB, nuclear factor kappa B; n, number of patients; WHO, World Health Organization.
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we hope that this research will stimulate similar studies with 

a larger sample size.

Conclusion
Our study suggests that activation of NFkB is associated with 

increased susceptibility to M. leprae infection, as well as 

immunological instability. The results show increased NFkB 

activation in skin lesions of MB and BB patients, in contrast 

to scarce activation in skin lesions of PB, with no activation 

in TT. Future studies are needed to analyze the role of NFkB 

in acute leprosy inflammatory reactions, its activation after 

multidrug therapy, and the possibility of NFkB inhibition 

to favor resistance and an effective granulomatous immune 

response against the bacilli.
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